Abstract. Algebraic version of the orthogonality conditions model is developed by analogy with the algebraic version of the resonating group model. It is shown that all exchange terms excluding ones originated by the exchange kernel of the potential energy can be easily taken into account in the frame of the formalism of the version. The potential term as a whole is modelled phenomenologically. Both direct algebraic approach and the method basing on the solution of the integro-differential Schrödinger equation containing nonlocal terms related to the forbidden and the semi-forbidden states are proposed. This equation turns out to be preferable in studies of narrow resonances. It is demonstrated that decay width of a system into two-heavy-fragment channel is strongly affected by the nonlocal terms.
Introduction
The traditional view on the interaction of two particles is to consider it in terms of a local potential model independently of the structure of interacting particles. At the same time in the realistic approach the interaction of composite particles, i.e. particles consisting of some fermions-constituents, should be described in an approach which takes into account multi-nucleon structure of the two-body system as a whole.
If the internal states of the interacting particles are fixed, the resonating group model (RGM) [1, 2] allows one to reduce the problem of description of their interaction to two-body one. However resulting two-body equation turns out to be not Schrödinger one because it contains exchange integral kernels in all it's terms.
The methods of reduction of the RGM equation to the Schrödinger equation with a Hermitian Hamiltonian are well known (see, for example, [3] ). However even after these rearrangements the RGM is an overcomplicated approach which looks still far from habituated scheme of description of two-body interaction. Any pair of composite particles should be described individually. In fact the RGM remains a many-nucleon but not a twobody technique.
Another problem of the RGM is its inflexibility. In consequence of the incompleteness of the space of solutions inherent for the model, experimental observables are not well reproduced in the RGM sometimes. And, obviously, three-, four-(if it would be reasonable to use) etc. composite-particle problems in the RGM cannot be reduced to two-composite-particle one.
The goal of the present paper is to construct the method which, on the one hand, allows one to account for the property of fermion identity in the system of two composite particles (and thus the Pauli exclusion principle and various exchange effects caused by this identity) as much as possible and, on the other hand, provides essentially higher flexibility than the RGM.
The basic step on the way is to develop a method similar to the one presented in the paper [4] . An approximation of the RGM which makes it more or less similar to ordinary two-body approach is proposed there. Various alternatives of this approach have been developed up to now. These approximations differ by methods of manipulation with the exchange terms. They are known under the unified name orthogonality conditions model (OCM).
In this paper the algebraic version (AV) of OCM is presented. It is originated in analogy with the AV RGM proposed in the Refs. [5] [6] [7] . In addition the integrodifferential equation of the Schrödinger type with a Hermitian Hamiltonian containing nonlocal terms related to the forbidden by the Pauli principle and so-called "semi-forbidden" states is obtained. This "comeback" to the methods of the continuous mathematics turns out to be rather convenient in description of the widths of narrow resonances decaying into cluster-cluster channels.
For the heavy-ion interactions it is demonstrated by means of the algebraic version of the orthogonality conditions model that the values of the decay widths are strongly affected by the exchange effects. The pair of magic fragments 16 O + 16 O is considered as an example. , ,, , 
However, the resulting Hamiltonian turns out to be nonHermitian one. Introducing a new wave function
one can obtain the Schrödinger-like equation with Hermitian Hamiltonian
and usual normalization conditions
for the states of discrete spectra, and
or similar − for the states in continuum.
In the RGM the functions 
The eigenvalues n  are equal to zero for forbidden states, and tend to unity as n . The semi-forbidden states are defined as states with n  considerably lower than unity. There are rare cases in which the eigenvalues are greater than unity. The mathematical formalism described below also allows one to include this states in the similar way as semi-forbidden states, thus we do not discuss this case separately. Fundamental advantage of the algebraic version of OCM is a possibility to apply the following relation presented in Ref. [8] 
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set of the AV RGM equations looks as follows
so A-fermion exchange properties of the kinetic energy operator are completely determined by the norm kernel. The basic approximation of the original OCM [4] is
If the forbidden components are extracted from the function sought, then the initial equation becomes
where   V  -direct (double folding) potential. Usually the exchange terms are neglected in the kinetic energy operator. In this approximation
In some cases the quality of description of data is not high enough in the initial variant of OCM. Other versions of OCM (presented in [9, 10] for example) utilize the phenomenological local potential in contrast to direct one and explore two alternative ways to take into account the Pauli exclusion principle: 1. Two-body model with forbidden states which are eigenstates of the Hamiltonian. This variant is rather simple because the redundant states are easily excluded due to their orthogonality to others in this case. The approach developed in the present paper allows one, first, to take into consideration the exchange terms of the kinetic energy completely and to use the second (well grounded microscopically) alternative way of exclusion of the forbidden states.
To demonstrate the formalism of the approach let us return to the expression (19). It should be noted that due to the equality (18) the potential energy term , l V  in (13) remains the only term of the Hamiltonian in the AV RGM equations that includes the fermion exchange operators in the explicit form. It is just the term which is responsible for that RGM turns out to be a non-universal and overcomplicated model. The idea is to consider it phenomenologically approximating by a local potential form ˆ(
appears. The approach is called AV OCM independently of methods (which may be algebraic or that of "continuous" mathematics) applied to solve it. In the algebraic versions of canonic two-body problem, RGM, or presented here OCM the expansion coefficients (16) is not uniform therefore so-called J-matrix method [11] is applied. The expansion coefficients decrease rather slowly as n increase, and their asymptotic behavior should be introduced in the set of equations
The papers [5 -7] were the first works in which the discussed method is applied to solve the RGM equations.
A high-precision form of the asymptotic coefficients is obtained in the papers [12] [13] [14] . In particular, for the wave function, asymptotically behave as the outgoing Coulomb wave, the expansion coefficient has the following form: Related approach may be useful also for calculations of the near-threshold bound states.
The presence of the forbidden states in (17) restricts the set of equations (26) In some cases it is hard to explore direct algebraic approach presented above because the asymptotic behavior of the expansion coefficients sought is achieved at too large distances and a huge basis in (16) is required. It is the case for a narrow resonance in a system decaying in two charged-composite-particle channel. In these situations it occurs more convenient to apply the methods of "continuous" mathematics. To do this a number of the separable terms related to the forbidden and the semiforbidden states are introduced into the Hamiltonian. The idea of this rearrangement is that the initial cluster Hamiltonian matrix elements ; nn l H  between the states at least one of which is forbidden turn out to be cancelled with corresponding matrix elements of the separable terms. The matrix elements of the kinetic energy in the Hamiltonian n . Here we demonstrate the appropriate method to solve the Schrödinger equation Table 1 . The resonance energy is presented to demonstrate the accuracy of its reproduction.
It is clear from the table, that the forbidden and notably semi-forbidden states change dramatically the decay width. If the forbidden states are considered as eigenstates of the norm kernel, then the value of the width  becomes one order of magnitude smaller than the one, obtained assuming these states to be the eigenstates of the two-body Hamiltonian. If, in addition, the semi-forbidden states are also considered then the value of the width  turns out to be eight orders of magnitude smaller.
Thus a very pronounced exchange effect displays in the properties of a resonance decaying into the channel with a long list of the semi-forbidden states which are significantly different from unity.
16002-p.5 It should be noted that the parameters of the 16 O+ 16 O channel (the penetrability of the barrier, the eigenvalues of the norm kernel for the semi-forbidden states, the  values) are more or less close to the ones typical for the alpha-decay of heavy nuclei. Therefore one may expect similar exchange effects in the latter process.
Summary
In the present paper a new version of the orthogonality conditions model is proposed. The model allows one to take into account exchange effects originated by the norm and the kinetic-energy overlap kernels. Both continuous and pure algebraic formalisms of the model are developed. The former one is used for the calculation of the decay widths of very narrow resonances. The example of such a resonance in 16 O +
16
O channel is studied.
The results of this study demonstrate that: 1 Properties of the interaction of composite particles are essentially different from the ones of the structureless particles. 2. The basic cause of the differences is the exchange effects manifest themselves via the forbidden and the semi-forbidden states. 3. Algebraic approaches are convenient tools to consider these effects. 4. The methods developed here to describe the composite particles interaction are suitable for the calculations of various observables of composite-particle collisions.
